Demethylation of 3-methylthymine in DNA by bacterial and human DNA dioxygenases.
Rare DNA lesions that are chemically stable and refractory to repair may add disproportionately to the accumulation of mutations in long lived cells. 3-Methylthymine is a minor lesion that is induced by DNA-methylating agents and for which no repair process has been described previously. Here we demonstrate that this lesion can be directly demethylated in vitro by bacterial and human DNA dioxygenases. The Escherichia coli AlkB and human ABH3 proteins repaired 3-methylthymine in both single-stranded and double-stranded polydeoxynucleotides, whereas the human ABH2 protein preferred a duplex substrate. Thus, the known substrates of these enzymes now include 3-methylthymine in DNA, as well as 1-methyladenine and 3-methylcytosine, which all have structurally similar sites of alkylation. Repair of 3-methylthymine by AlkB and ABH3 was optimal at pH 6, but inefficient. At physiological pH, 3-methylthymine, which is a minor methylated lesion, was more slowly repaired than the major lesion generated in single-stranded DNA, 3-methylcytosine. Our data suggest that 3-methylthymine residues in DNA will be repaired inefficiently in vivo and therefore may occur at a low steady-state level, but the residues should not gradually accumulate to high levels in long lived cells.